Editorial Comment
Does Cardiac Rehabilitation Increase Long-term Survival After Myocardial Infarction? Albert Oberman, MD C ardiac rehabilitation is being increasingly applied to cardiac illnesses other than myocardial infarction and in combination with a variety of therapeutic procedures. These rehabilitation programs include a growing number of older patients and individuals with less severe disease because of population changes and more sensitive diagnostic techniques. It is estimated that 100,000 patients participate in cardiac rehabilitation at a cost exceeding $108 million per year.' Much of the impetus for cardiac rehabilitation has been based on the premise that exercise training will protect against further cardiac complications and will prolong life. Yet, recent reviews on the efficacy of cardiac rehabilitation conclude that the value of exercise in reducing mortality in patients with coronary heart disease cannot be supported definitively by the existing data. 2, 3 See p 234
Habitual physical activity, the mainstay of cardiac rehabilitation, can produce adaptations capable of improving the long-term prognosis in patients with coronary heart disease. Appropriate exercise training will lead to an average increase of approximately 20% in maximal work capacity after recovery from myocardial infarction.3-5 As a result, the heart rate and blood pressure, which are major determinants of myocardial oxygen consumption, become lower at comparable submaximal workloads. These training efforts reduce cardiac work in proportion to total body work and lessen daily metabolic and circulatory demands. Exercise conditioning at typically prescribed intensity, duration, and frequency generates peripheral adaptations but does not necessarily improve myocardial performance or perfusion. More prolonged exercise at greater intensities may provide a sufficient training The opinions expressed in this editorial comment do not necessarily reflect those of the editors or of the American Heart Association.
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Address for correspondence: Albert Oberman, MD, Department of Medicine, University of Alabama, Birmingham, MEB 609, 1813 6th Avenue, South, Birmingham, AL 35294. stimulus to cause beneficial cardiac adaptations after a period of months.3'5 The resulting boost in myocardial oxygen delivery or utilization may be reflected by an increase in the absolute threshold for myocardial ischemia and improved cardiac contractility. Exercise training can modify cardiovascular risk factors, but patients with coronary heart disease in "exercise only" programs have exhibited little improvement in major risk factors.3,5 Also, primary prevention studies of coronary heart disease have indicated that the decreased risk for physically active persons operates independently of major risk factors.6 Because patients in exercise programs require frequent and careful surveillance, the possibility that better medical care influences mortality cannot be dismissed. Not to be ignored are the potential cardiac risks during and immediately after vigorous exertion. Recent estimates of the risk for cardiac outpatients who exercise in cardiac rehabilitation programs indicate that approximately one cardiac arrest occurs for each 112,000 patient-hours, one infarction per 294,000 patienthours, and one fatality per 784,000 patient-hours.7 Supervised exercise rehabilitation programs appear to generally present a low risk of serious cardiovascular complications.
During the last decade, a series of controlled trials have shown lower mortality among survivors of myocardial infarction randomized to exercise training. Typically, the intervention consisted of supervised training programs with two to four sessions per week, lasting 20-60 minutes each. The extent of nonexercise interventions varied considerably. The duration of the supervised exercise program ranged from a period of months to years. Unfortunately, individual trials were inadequate to test rigorously the hypothesis that exercise reduces overall mortality because of inadequate sample size and length of follow-up. Such trials are particularly difficult to conduct because of the need for large populations, extensive periodic evaluations, carefully monitored physical activity, and long-term follow-up. Dropouts and nonadherence to the exercise routine often plague these studies as well. It is doubtful that a single, well-designed and properly conducted trial will be performed that has a sample size large enough to test the exercise hypothesis with a mortality erndpoint. In the absence of such a definitive study, an alternative approach would be the pooling of data from smaller trials of similar design in which sufficient methodologic details have been described. Statistical analyses that evaluate and combine results from previous studies have been termed meta-analyses. Meta-analyses represent an attempt to increase statistical power for primary endpoints and subgroups, resolve uncertainty when reports disagree, improve estimates of effect size, and answer questions not posed at the start of individual studies. 8 The value of such analyses does not rest primarily with the number of patient-years accumulated but rather on the quality of the component studies and data available. Specifically, trials must be similar in general design, entry criteria, and the intervention studied. Trials selected for analyses must represent an unbiased sample from the literature.
The overview of 23 randomized trials of cardiac rehabilitation after infarction by O'Connor and colleagues in this issue of Circulation9 addresses the uncertainty of the long-term effects on mortality from exercise rehabilitation. With pooled data from 4,712 patients observed for an average of 3 years, an odds ratio (OR) and 95% confidence limits were calculated for each major outcome. All major mortality endpoints were significantly lower in the exercise group than in the comparison group for at least 3 years except for sudden death, which was significantly less at 1 year only. No substantial differences emerged for nonfatal reinfarction betwecn the two groups. Broadly interpreted, participation in an exercise-based cardiac rehabilitation program reduced 3-year mortality from all causes by 20% and mortality from reinfarction alone by 25%.
O'Connor and associates9 rigorously address the methodologic difficulties inherent in meta-analyses. Yet, basic problems in pooling these data cannot be easily resolved. The exercise studies used different selection criteria. Most patients were randomized 1-3 months after infarction, but some were randomized as long as 3 years later. The treatment protocol varied widely for both the exercise group and the comparison group. Fifteen of the studies attempted other interventions in addition to exercise. Length of follow-up ranged from 1 to 5 years. Such variability among factors likely to influence the outcome, in all probability, tends to diminish the effect size. Therefore, the results may underestimate the true effect. Earlier reports yielded similar findings from multistudy analyses. By pooling the results from five of the randomized studies before 1980, May and associates10 showed a 19% reduction (p<0.05) in total mortality for the exercise intervention group. Shephardll combined data from several large randomized controlled trials and found a 29% 3-year mortality advantage for patients who exercised over patients with CHD who did not exercise. The effect was maximal for the first 2 years of rehabilitation. Reviewing more recent trials, Collins and coworkers12 estimated a 20% reduction in mortality, even greater if exercise started soon after infarction. Oldridge and associates13 combined results from randomized clinical trials in a fashion closely resembling the study conducted by O'Connor and coworkers. Because they performed a meta-analysis on many of the same studies as did O'Connor et al, it is not surprising that their results were nearly identical, but it is reassuring that the analyses corroborate each other. Overall, the results show a 24% reduction in total mortality and a 25% reduction for cardiovascular mortality for the exercise group compared with the control group.13 Again, the occurrence of nonfatal reinfarction did not differ appreciably between exercise and control groups. Such consistent findings in meta-analyses from multiple sources certainly imply that exercise-based cardiac rehabilitation reduces mortality though not nonfatal recurrent infarction.
Left unsettled are important questions that are unrelated to the analyses but are related to the generalizability and physiologic mechanisms accounting for reductions in long-term mortality. How can we best select the patients likely to benefit from exercise? How soon after the event should the exercise training begin, for what length of time, and at what dose (intensity, frequency, and duration)?
How do findings in women and patients aged 70 years and more fare compared with these findings predominantly in middle-aged men? Are these results, after myocardial infarction, applicable to lesser degrees of disease including silent myocardial ischemia? Can the same results be anticipated after .hrombolytic therapy, angioplasty, and bypass grafting'? How does exercise training interact with drugs and other factors thought to improve survival?
The concept that exercise training increases the likelihood of survival for at least 3 years after myocardial infarction has been further advanced by the report of O'Connor and associates.9 Their estimates are supported by previous analyses from multiple sources. The exercise hypothesis is persuasive even though the precise mechanism by which exercise has its effect remains uncertain. O'Connor and associates conclude that exercise rehabilitation programs may be cost effective and, if fully implemented, save approximately 13,000 lives annually. Recommendations for exercise should not be taken lightly in view of the costs, the long-term commitment, and the potential hazards. Undoubtedly, technologic advances will soon permit better assessment of changes in myocardial perfusion and performance after exercise training. In the meantime, it is reasonable to assume that middle-aged men in exercise-based rehabilitation programs after myocardial infarction can anticipate enhanced survival as a result of exercise training.
